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(54) Improved capacitor for an implantable cardiac defibrillator 



(57) A capacitor (28) having a housing (32) defining 
a chamber (34), and having at least two internal align- 
ment elements (40, 41) in the chamber (34). A plurality 
of capacitor layers (48), each having alignment holes 
(44) formed therein to precisely fit the housing's align- 
ment elements (40, 41), is positioned within the chamber 
(34), with the alignment holes (44) mating with the align- 
ment elements (40, 41). The housing (32) may be elec- 
trically conductive and used to connect some capacitor 



elements, in which case the alignment elements (40, 41) 
include non conductive spacers (42) that contact the 
alignment holes (44) of the sheets (48). The housing (32) 
may also include external index elements (88) for pre- 
cisely positioning the housing (32) in registration with fix- 
tures used for manufacturing processes requiring 
precise alignment. 
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Description 

Field of the Invention 

The invention relates to capacitors, and more par- 
ticularly to capacitors for implantable cardiac defibrilla- 
tors. 

Background and Summary of the Invention 

Defibrillators are implanted in patients susceptible 
to cardiac arrhythmias or fibrillation. Such devices pro- 
vide cardioversion or defibrillation by delivering a high 
voltage shock to the patient's heart, typically about 500- 
750V. High voltage capacitors are used in defibrillators 
to accumulate the high voltage charge following detec- 
tion of a tachyarrhythmia. It is desirable to make implant- 
able devices as small as possible, with slim, flat 
packages being desired for pectorally implanted defibril- 
lators. Therefore, flat capacitors have been developed to 
avoid the disadvantages of traditional cylindrical alumi- 
num electrolytic capacitors. 

Such a fiat capacitor is disclosed in U.S. Patent No. 
5,131,388 to Pless et al., which is incorporated herein 
by reference. Flat capacitors include a plurality of layers 
laminarly arranged in a stack. Each layer includes an 
anode and a cathode, with the anodes and cathodes 
being commonly connected to respective connectors. 
The layers may be cut in nearly any shape, to fit within a 
similarly shaped housing designed for a particular appli- 
cation. The capacitance of such a device is proportional 
to the number of layers, and to the area of each layer, 
providing significant design flexibility. However, current 
flat capacitors are not as manufacturable as would be 
desirable. Misalignment of layers can cause shorting 
between the edges of anodes and cathodes, and with 
the walls of a metallic housing. Precision assembly by 
hand is required, increasing manufacturing costs. The 
housing size must also be increased to provide tolerance 
for alignment errors, resulting in a bulkier device. 

The present invention overcomes the limitations of 
the prior art by providing a capacitor having a housing 
defining a chamber, and having at least two internal 
alignment elements in the chamber. A plurality of capac- 
itor layers, each having alignment holes formed (prefer- 
ably die cut) therein to precisely fit the housing's 
alignment elements, is positioned within the chamber, 
with the alignment holes mating with the alignment ele- 
ments. The housing may be electrically conductive for 
grounding some capacitor elements, in which case the 
alignment elements include non conductive spacers that 
contact the alignment holes of the layers. The housing 
may also include external index elements for precisely 
positioning the housing in registration with fixtures used 
for manufacturing processes requiring precise align- 
ment. 



Brief Description of the Drawings 

Fig. 1 shows an implantable defbrillator having 
capacitors according to the present invention. 
5 Fig. 2 is a plan view of the interior of the capacitor 
of Fig.1. 

Fig . 3 is a cross sectional side view of a single capac- 
itor layer. 

Fig. 4 is a cross sectional side view taken along line 
io 4-4 of Fig. 2. 

Detailed Description of a Preferred Embodiment 

Figure 1 illustrates a defbrillator 12 for pectoral 

is implantation. A single pass endocardial lead set 14 
extends from the unit, through the patient's subclavian 
vein, and into the patient's heart. The defibrillator 12 
includes an outer housing 20 that includes a header 21 
for attachment of the lead set 14. The housing 20 con- 

20 tains a transformer 22, a battery 24, control circuitry 26, 
and two capacitors 28 (only one shown). The battery pro- 
vides electrical energy to charge the capacitor when 
needed so that it may provide a high voltage shock. The 
control circuitry 26 connects to the lead set 14 so that it 

25 may sense and analyze electrical signals from the heart, 
and control the delivery of an appropriate therapy such 
as a high voltage shock. 

Figure 2 illustrates in detail the construction of the 
capacitor 28, which may be designed as virtually any flat 

30 shape to conform to a desired housing shape. The 
capacitor includes a metallic housing 32 defining a 
chamber 34, in which resides a capacitor stack 36. The 
housing includes a pair of alignment bosses 40, 41 which 
are encompassed by plastic insulating sleeves 42. The 

35 stack 36 defines a pair of alignment holes 44 that closely 
receive the sleeves, providing accurate registration 
between the stack and the housing. Although illustrated 
as circular holes, the holes 44 may be figures of any 
shape, number, or position, including notches cut into the 

40 periphery of the stack. 

The capacitor stack 36 is formed of a number of 
essentially identical flat capacitor layers 48 whose elec- 
trical elements are connected in parallel. The number of 
layers determines the capacitance and thickness of the 

45 device; in the preferred embodiment, 1 3 layers are used. 
As shown in Figure 3, each layer 48 is a sandwich of 
sheets: a central anode 50 that is highly etched on both 
major surfaces, a pair of insulating paper sheets 54 cov- 
ering the opposite sides of the anode, and a pair of alu- 

so minum cathode sheets 56 covering the paper sheets. 
Because each paper sheet defines a capacitor gap, each 
layer 48 functions as a double anode capacitor. In the 
preferred embodiment, the anode 50 is a 0.0087 inch 
thick sheet of deeply etched ultra pure aluminum with a 

55 grain structure that is perpendicular to the surface of the 
sheet. Each paper sheet is 0.002 inch thick, and each 
cathode sheet is 0.0006 inch thick. At the periphery, the 
paper sheets extend slightly beyond the cathode and 
anode to prevent electrical shorting due to any misalign- 
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merit. The etched anode layer can be "formed" by pass- 
ing a current through the anode and a cathode in the 
presence of an electrolyte. This generates an oxide layer 
that functions as a dielectric. The forming can be done 
before or after assembly of the stack. Once the capacitor 5 
is assembled and sealed, an electrolyte is injected into 
the chamber through a hole in the housing which is then 
sealed. 

As shown in Figure 2, each of the layers 48 has a 
cutout region 58 at its periphery, with the cutouts of each 10 
layer being aligned when the sheets are installed in the 
housing to provide space for electrical connections. The 
anodes 50 include anode tabs 60 extending into the cut- 
out in registration with each other. Similarly, the cathodes 
56 include cathode tabs 64 that extend into the cutout 15 
region in registration with each other, but spaced apart 
from the anode tabs to allow separate connection without 
shorting. The paper spacers 54 do not extend into the 
cutout. Therefore, the cathodes, like the anodes, may be 
connected together in parallel when the tabs are brought 20 
together in a bundle. 

The anode tabs 60 are compressed together and 
welded together at their free ends, such as with a YAG 
laser. The welded anode tab bundle is then welded to an 
inner terminal 66 of an anode post 68 that passes 25 
through a wall of the capacitor housing. The anode post 
68 is electrically insulated from the housing. The cathode 
tabs 64 are electrically connected to the capacitor hous- 
ing. A cathode lead 69 provides an external electrical 
connection to the housing. The cathode tabs 64 are ultra- 30 
sonically welded to a housing step 70 abutting the 
periphery of the interior of the housing. As shown in Fig. 
4, the step height is about half the height of the stack 36, 
so that the top and bottom cathode sheets need not be 
excessively deflected. An ultrasonic tool compresses the 35 
cathode tabs against the step at a weld point 72, and 
imparts ultrasonic energy to provide a secure electrical 
and mechanical connection. 

As shown in Fig. 4, the housing 32 of the capacitor 
28 includes a pan-shaped base 76, and a fiat lid 78 over- 40 
laying the base and resting on the base's upper rim. The 
alignment boss 40 on the lid includes a through-hole 80 
for receiving a fastener shank 84, and a counter bore 86 
to provide a recess so that the fastener head does not 
protrude above the surface of the housing. An O-ring or 45 
gasket may provide a seal between the fastener head 
and counter bore surface to prevent leakage of electro- 
lyte from the capacitor. The boss 41 on the base 76 
defines a threaded hole 87 for receiving the fastener 
screw, and has an alignment aperture 88 which is a blind so 
tapped hole at the lower surface of the housing. The 
aperture 88 also provides a registration hole or align- 
ment index for precise engagement by manufacturing fix- 
tures. This permits position sensitive processes such as 
welding to be achieved by a simple automated system 55 
not requiring pattern recognition vision systems for align- 
ment. Although the fastener is shown as a machine 
screw in a threaded bore, rivets or other mechanical fas- 
teners may be used. 



The insulating sleeve 42 closely encompasses both 
bosses 40, 41 to ensure concentric alignment of the 
bosses. The sleeve has a sufficient length or height to 
extend from the floor of the base to the ceiling of the lid, 
contacting both. Thus, while the periphery of the housing 
lid rests upon the rim of the housing base, the center of 
the lid rests upon the sleeve ends. The absence of a gap 
between the sleeve ends and the base or lid of the hous- 
ing prevents one layer of the capacitor stack from shifting 
and potentially shorting the anode to the boss. The 
bosses 40, 41 are short enough to define a gap 90 
between their opposed ends, ensuring that the sleeve is 
compressed between the lid and base by the force of the 
fastener. Even a slight deflection of the lid to a dished 
shape is tolerated to ensure contact with the sleeve ends. 
This contact also serves as an additional seal to prevent 
leakage of electrolyte fluid at the fasteners. The sleeve 
includes an inner chamfer 92 at each end to avoid inter- 
ference with any radius remaining at the base of either 
boss. Although the lid is secured by fasteners, the hous- 
ing must be sealed to prevent leakage of electrolyte solu- 
tion that fills the housing. This is achieved by laser 
welding the entire periphery after assembly. The align- 
ment apertures 88 provide effective alignment for this 
operation. 

In the preferred embodiment two capacitors are 
installed in a single def forillator unit. The capacitors are 
stacked with their lids face-to-face. Because the defibril- 
lator housing 20 has radiused edges for a physiologic 
shape appropriate to an implanted device, the capacitor 
housing has a 0.070 inch radiused edge 94 about a por- 
tion of its lower periphery. This permits a pair of capaci- 
tors to efficiently fill the defibrillator housing 20. So that 
the capacitor layers efficiently fill the capacitor housing, 
the lowest two layers have reduced peripheries to avoid 
abutting the radius. The remaining layers extend closer 
to the housing wall to maximize capacitance for a given 
housing volume, with the preferred spacing being about 

0. 034 inch. 

In the preferred embodiment, the overall thickness 
of one capacitor is 0.212 inch, the average capacitance 
area is 41 .8 square inches, providing an overall capacitor 
volume of 0.38 cubic inches. The two capacitors, each 
having a value of approximately 290 jxF, provide a total 
source capacitance in the device of 145 \iF. Conse- 
quently, a stored energy density of about 3.3 J/cm3 is 
provided. While the invention is described in terms of a 
preferred embodiment, the following claims are not 
intended to be so limited. 

Claims 

1 . An implantable cardiac defibrillator (12), comprising: 

an outer housing (20); 

an energy source (24, 22) within the outer 
housing (20); 

a capacitor (28) connected to the energy 
source (24, 22) and within the outer housing (20); 

the capacitor (28) comprising a capacitor 
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housing (32) defining a chamber (34), and a plurality 
of flat, stacked, charge storing layers (46) within the 
chamber (34); 

characterized by 

the capacitor housing (32) including at least 
two alignment elements (40, 41) within the chamber 
(34); 

the layers (48) each defining at least two 
alignment holes (44) registered with the alignment 
elements (40, 41 ), such that the layers (48) are posi- 
tioned precisely with respect to each other and to 
the housing. 

The defforillator of claim 1, characterized in that at 
least a major portion of the capacitor housing (32) 
is electrically conductive, and the alignment ele- 
ments (40, 41) include non conductive insulators 
(42) such that the alignment holes (44) of the layers 
(48) do not directly contact the electrically conduc- 
tive portion of the capacitor housing. 

The defibrillator of claim 1 or 2, characterized in that 
the alignment elements (40, 41) include cylindrical 
portions. 

The defibrillator of any of claims 1 - 3, characterized 
in that the capacitor housing (32) includes a base 
pan (76) def ining the bottom and sides of the cham- 
ber (32), and a lid (78) defining the top of the cham- 
ber (32). 

The defibrillator of claim 4, characterized in that at 
least one of the alignment elements (40, 41) 
includes a base portion (41) protruding from the pan 
(76), and a lid portion (40) protruding from the lid 
(78). 

The defibrillator of claim 5, characterized in that the 
base portion (41) and the lid portion (40) each pro- 
trude by limited distances to define a gap (90). 

The defibrillator of claim 5 or 6, characterized in that 
the alignment element (40, 41) includes an insulat- 
ing sleeve (42) encompassing the base portion (41) 
and lid portion (40) of the alignment elements (40, 
41). 



characterized by 

the housing (32) including at least two align- 
ment elements (40, 41) within the chamber (34); 

the layers (48) each defining at least two 
5 alignment holes (44) closely receiving the alignment 
elements (40, 41). such that the layers (48) are posi- 
tioned precisely with respect to each other and to 
the housing (32). 

io 10. The capacitor of claim 9, characterized in that the 
housing (32) includes a ceiling (78) and a floor (76) 
defining the upper and lower limits of the chamber 
(34), and the alignment elements (40, 41) include 
non conductive sleeves (42) having a cylindrical 

is exterior and extending from floor (76) to ceiling (78) 
such that the edges of the layers (48) at the align- 
ment holes (44) of the layers (48) contact only the 
non conductive sleeve (42). 

20 11. The capacitor of claim 10, characterized in that at 
least one of the alignment elements (40, 41) 
includes a base portion (41) protruding upward from 
the floor (76), and a lid portion (40) protruding down- 
ward from the ceiling (78). 
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12. The capacitor of claim 1 1 , characterized in that the 
base portion (41) and the lid portion (40) each pro- 
trude by limited distances to define a gap (90). 

13. The capacitor of any of claims 9-12, characterized 
in that the capacitor housing (32) defines at least one 
external index element (88). such that a manufactur- 
ing fixture may engage the index element (88) for 
precise alignment of the capacitor housing (32) dur- 
ing manufacturing. 

14. The capacitor of claim 13, characterized in that the 
alignment element (40, 41) is a boss (40, 41) pro- 
truding into the chamber (34), and the index element 
(88) is a hole defined concentrically through the 
boss (40, 41). 



The defibrillator of any of claims 1 - 7, characterized 
in that the capacitor housing (32) defines at least one 
external index element (88), such that a manufactur- 
ing fixture may engage the index element (88) for 
precise alignment of the capacitor housing (32) dur- 
ing manufacturing. 

A capacitor (28) for an implantable cardiac defibril- 
lator (12), comprising: 

a housing (32) defining a chamber (34); 

a plurality of planar charge storing layers (48) 
within the chamber (34); 
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